We have developed a simple and efficient method for protoplast isolation from Pleurotus cornucopiae. Protoplasts were isolated from aerial mycelia cultured on potato dextrose agar medium without time-consuming propagation in liquid culture. Protoplast yield was significantly increased by means of a decompressing pretreatment of mycelia in enzyme solution and a subsequent enzyme reaction with vibrational mixing. The isolated protoplasts regenerated mycelia and these mycelia formed fruit-bodies without any morphological abnormalities.
Pleurotus cornucopiae is one of the most important mushrooms in Japan. This mushroom has significant advantages over other mushrooms in terms of rapid fruit-body formation, resulting in a short cultivation period. To date, protoplasts have been isolated from many basidiomycetes, including P. cornucopiae, and regenerants from these protoplasts have been reported to form fruit-bodies without morphological abnormalities. [1] [2] [3] [4] [5] Conventional methods, however, are troublesome and time-consuming. They involve isolating protoplasts from mycelia that are cultured in liquid medium and propagated several times by homogenization and subculture every few days. Hence there exists a need for a more simple and efficient protoplast isolation method. Such a method would benefit practical applications of mushroom biotechnology, such as transformation and somatic hybridization to the breeding strategy of mushrooms.
In the present study, we developed a simple and efficient method for protoplast isolation in P. cornucopiae whereby protoplasts were directly isolated from aerial mycelia cultured on potato dextrose agar (PDA) medium without liquid culture.
The dikaryotic Pleurotus cornucopiae strain Tohoku T86 (Kinokkusu, Miyagi) was used in this study. Mycelia were cultured on a 90-mm petri dish of PDA medium for 3 weeks at 23 C. Aerial mycelia cultured on a PDA medium were collected with tweezers. Twenty mg of mycelia was transferred to a microtube containing 0.5 ml of enzyme solution. In preliminary experiments, we applied several combinations of commercial enzymes to various mushrooms, including Pleurotus ostreatus and P. eryngii, and found the optimal enzyme combination to be 2% cellulase Onozuka RS, 0.5% zymolyase 20T, 0.1% chitinase, and 3% -glucuronidase H-2 (0.6 M mannitol, pH 6.0). The mycelia were then subjected to one of the following three treatments: (1) enzyme reaction only at 30 C for 1-4 h, (2) enzyme reaction after decompressing (0.005 MPa, 3 min), and (3) enzyme reaction with vibration using a revolution mixer (Asahi Techno Glass, Tokyo) after decompressing. We set the mixer to turn in front and back 3 strokes per min while giving vibration. After these treatments, the number of protoplasts isolated was counted using a haemocytometer (Burker-Turk). All experiments were repeated at least twice.
The data presented in Fig. 1 show the effects of decompression and vibration on protoplast yield. Protoplast yield increased with the duration of enzyme treatment, and was improved by decompressing, vibration, and the two together. In particular, decompression followed by enzyme treatment with vibration was the y To whom correspondence should be addressed. Fax: +81-78-435-2539; E-mail: osamut@center.konan-u.ac.jp Biosci. Biotechnol. Biochem., 70 (11), [2751] [2752] [2753] 2006 Note most effective method, with a maximum yield of 2:9 Â 10 9 cells/g obtained by incubation for 4 h. This yield was significantly greater than the yields obtained by the conventional methods used for P. cornucopiae (1:6 Â 10 7 cells/g, 5:0 Â 10 8 cells/g).
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To test for regeneration competence, isolated protoplasts were cultured. Protoplast suspensions were filtered through Miracloth (Calbiochem, USA) and a glass filter (G3). The protoplasts obtained were collected by centrifugation at 500 Â g for 5 min, washed with 0.6 M mannitol, and then resuspended and adjusted to 10 4 cells/ml in 0.6 M mannitol. One hundred microliters of the suspension was spread on MYPGS agar medium (0.6% malt extract, 0.4% yeast extract, 0.4% polypeptone, 0.4% glucose, 0.5 M sucrose, 1% agar) and then 1 ml of 0.6 M mannitol was added. Then incubation was performed at 23 C. After 4 d, the growing mycelia could be observed under a light microscope, and after 10-14 d, the regenerated mycelia were visible to the unaided eye. Regenerated mycelia were transferred onto PDA medium and incubated at 23 C. The judgment of monokaryotic or dikaryotic regenerant was done by the number of nuclei under Giemsa staining and the existence of clamp connections between cells of a mycelium. 6) The data presented in Table 1 show the protoplast regeneration frequency and the percentages of dikaryon for all regenerants. There were no detrimental effects of decompression and vibration during protoplast isolation on regeneration frequency. The regeneration frequency reported here is lower than that reported by Eguchi and Higaki. 4) However, the yield of protoplasts by this method is about six times as high as that of conventional methods. 4) Thus the number of regenerants obtained was greater than that by conventional methods.
The percentage of dikaryotic regenerants was decreased by decompressing pretreatment of mycelia in enzyme solution and a subsequent enzyme reaction with vibrational mixing. Monokaryotic mycelia did not form fruitbodies. Monokaryotic mycelia, however, are very important for mushroom biotechnology since they are used in breeding strategy. This method appears to yield lots of both monokaryotic and dikaryotic regenerants.
To form fruit-bodies, dikaryotic regenerants cultured on PDA medium were transferred to 70-ml glass bottles containing glass beads-rice bran medium (58 g glass beads, 5 g rice bran, 3.5 g cellulose, 20 ml deionized water) and cultured at 23 C in darkness. 7) When mycelia reached the bottom of the bottle, the lid was removed and culture was continued at 20 C under relative humidity of 90% and continuous fluorescent light (8.4 mmol/m 2 /s) to induce fruit-bodies. As a result, dikaryotic regenerants formed fruit-bodies without any morphological abnormalities.
In conclusion, we describe a method whereby protoplasts can be isolated simply and efficiently from aerial mycelia of P. cornucopiae. Additional treatments of decompression and vibration were found to be important for increased protoplast yield. The regenerated mycelia formed fruit-bodies without any morphological abnormalities. This method appears to be useful for the practical applications of transformation, protoplast fusion, and breeding of mushrooms. We expect that this protoplast isolation method will be of high practical value in the field of mushroom biotechnology. Decompressing was performed at 0.005 MPa for 3 min, and the revolution mixer was set to turn in front and back 3 strokes per min while giving vibration. Results are expressed as mean AE SD (standard deviation) obtained from each experiment with three replicates. Symbols: , enzyme reaction only;
, enzyme reaction after decompression; , enzyme reaction with vibration after decompression. Results are expressed as mean AE SD obtained from each experiment, with three replicates. Enzyme reactions were performed at 30 C for 3 h.
